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PLATES 56  TO  6I. 
Since  the  malarial  parasite  was  first  described  in  I88O,  many 
views have been held as to the morphology of the ring-form para- 
site,  and  its  possible  formation  and  significance,  but  with  a  re- 
markable similarity of opinion  among observers  as to the  parasite 
being intracellular. 
Laveran  (I)  has  consistently  claimed  from  the  beginning that  the  parasites 
were  extracellular  and  that  they  attached  themselves  to  the  surface  of  the 
red  corpuscles,  adhering  to  them  "by  pressing  on  them." 
Richard  (2)  thought  at  one  time  that  the  parasites  were  within  the  sub- 
stance of the red  corpuscle;  but later  (3)  he returned  to  Laveran's  opinion that 
they  were  attached  to  the  surface. 
Mannaberg  (4)  inclines  to  the  opinion  that  the  young  unpigmented  para- 
sites  "lie  for  a  considerable  time  upon  the  blood  corpuscles  ....  In  the 
places  where  the  parasites  were  observed,  distinct  impressions  in  the  substance 
of  the  blood  corpuscles  are  noticed,  and  that  the  margin  of  the  so-formed 
depression  is  perfectly  sharp  ....  If  these  bodies  were  within  the  substance 
of  the  blood  corpuscle,  one  cannot  understand  how  the  observed  depression  in 
the upper  surface  or  edge  of  the  blood  corpuscle  takes  place." 
Marchiafava  and  Bignami  (5)  describe  a  similar  condition,  depicting  the 
parasites  as  being  embedded  or  pressed  into  the  surface  of  the  red  corpuscle; 
but  these  observers  believe  the  greater  number  of  parasites,  even  the  young 
forms,  to be  endoglobular. 
When  Koch  was  in this  country he was  shown models  of  the  red  corpuscles 
with  the  malarial  parasites  beneath  the  surface,  and  he  made  the  statement 
that  the  parasites  were  not  within  the  substance  of  the  red  corpuscle  but  at- 
tached  to  the  surface. 
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THE  METHOD  BY  WHICH  THE  MALARIAL  PARASITE  SECURES 
ATTACHMENT  TO  THE  OUTSIDE  OF  THE  RED  CORPUSCLE. 
The  malarial  parasite  is  extracellular  during  its  entire  develop- 
mental cycle; that  is, with the exception of the brief periods when 
it is  free in the blood serum, it is attached to the outside surface of 
the red corpuscle: 
The  parasite  secures  its  attachment  to  the  outside  of  the  red 
corpuscle by means of  filamentous pseudopodia thrown out by the 
parasite for that purpose.  The attaching processes will be described 
as  (i)  primary  and  (2)  secondary  (accessory)  attaching  pseu- 
dopodia. 
(I) Primary  Attaching Pseudopodia.--(Plates 56 to 61).  These 
are delicate thread-like processes, arising from the cytoplasm of the 
parasite,  near  its  nucleus  (plate  56,  figure  2;  plate  59,  figure  I). 
The parasite appears to secure its primary hold on the red corpuscle 
by  means  of these pseudopodia;  but  as  the  corpuscular  mound to 
which the parasite  is attached becomes dehemoglobinized, or decol- 
orized,  or as  the parasite  increases  in size,  accessory,  or secondary 
attaching pseudopodia are  formed. 
(2)  Secondary Attaching Pseudopodia.--These may be  thrown 
out  from various portions of the cytoplasm of the parasite,  appar- 
ently for the purpose of securing a  firmer hold on the red corpuscle 
(plate 58, figure 7, x; plate 59, figure 15, x). 2  The pseudopodia can 
be seen overlying the red corpuscle in the form of a  loop, while the 
body of the parasite, with its nucleus, may lie either on the surface 
of  the  red  corpuscle  (plate  58 ,  figures  I  and  2,  and  4  to  IO)  or 
along  its  periphery  in  close  apposition  to  the  corpuscle  (plate  56 , 
figures 6  to  I I ).  Occasionally,  especially in the very young para- 
site,  the  loop  may  be  formed  from  the  entire  protoplasm  of  the 
parasite  (plate 59, figure 9). 
The  parasite  squeezes  up  that  portion  of  hemoglobin substance 
which lies within the boundary of this loop into a mound, circular at 
the base, with a  more or less rounded apex  (plates  56 to 59)-  The 
1 The  red  corpuscle  will  be  described  in  this  article  as  having  an  upper  and 
an  under  surface,  and  a  periphery. 
2The  accessory filaments  are  especially  common  to  the  tertian  parasite,  even 
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parasite when thus attached maintains its position on the outside of 
the  red  corpuscle  by  means  of  these  pseudopodia  encircling  the 
mound of corpuscular substance at its base. 
When viewed from above the young parasites with their pseudo- 
podia  encircling  mounds  of  corpuscular  substance  give  the  char- 
acteristic  ring-form  pictures  (plate  56,  figures  7  to  IO;  plate  58, 
figures  I  and 2, 4  to IO, and  12 and  13; plate 59, figures 9  and  IO; 
plate 6o,  figures  I  to 4),  which have been so variously interpreted. 
This interpretation of the ring-foma parasite explains the absence of 
pigment in the  corpuscular  mound area  and makes  it  clear  why it 
has been found impossible to stain this area. 
The true  interpretation  of these ring-forms  might be  difficult if 
the hemoglobin mounds were not seen projecting outward  from the 
periphery of the red corpuscle, surrounded by the parasites  (plate 56, 
figures 13 to 35 ; plate 57 ,figures I to 23, 27 and 35 ; plate 58, figures 
3,  II,  14, and 26 to 29; plate 59, figures 2, 4, and II to 2I ; plate 61, 
figures  5  to  9,  and  I I ).  But  the  fact  that they  are  seen  in  this 
position  makes  the  interpretation  easy,  especially  as  the  delicate, 
thread-like  pseudopodia  can  be  seen  encircling  the  hemoglobin 
mound.  Very often the encircling pseudopodium can be traced  in 
its entirety around these peripheral mounds. (plate  56, figures  18 to 
2o,  and  29;  plate  57,  figures  16,  32,  and  35;  plate  58,  figures  26 
and 27). 
Occasionally a  part of the encircling filament is obscured by  the 
thickened mound of  corpuscular  substance  overlying  it,  this  being 
due to the  fact that the mound has been flattened or pressed down 
in the process of smearing the blood  (plate 57, figures 26 to 28, and 
3 °  and 33 ; plate 58, figures 4 to 6) ; but careful focussing generally 
allows even these portions of the pseudopodium to 'be seen.  When 
studying the parasites in fresh blood preparations, portions of para- 
sites lying beneath these pressed down mounds of corpuscular  sub- 
stance  might lead  one  to think  that  the  parasites  were  within  the 
substance of the red corpuscle. 
With  very  few  exceptions,  the  adult  parasite  is  attached  to  the 
surface  rather than to the periphery  (plate  6o,  figures  13  and  14) 
of the red corpuscle.  I  believe that the explanation of this is that 
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as well as  for absorption.  In this situation,  moreover, the chances 
for the  forcible  removal of the parasite  from the red corpuscle are 
fewer. 
When  the  parasite  is  attached  to  the  under  surface  of  the  red 
corpuscle  (plate  58,  figure  14,  a)  the  blue staining protoplasm of 
the parasite  viewed through the red corpuscle is paler and the out- 
lines of the parasite  are less distinct than when the parasite  is seen 
on the upper surface  of the red corpuscle  (plate  58,  figure  I4,  o). 
When two parasites  are attached to the one corpuscle, one on either 
surface,  these differences can be well seen  (plate 58,  figures  I4 and 
26).  Also the same differences  can be  noted when a  single para- 
site is seen on both surfaces of the red corpuscle (plate 57, figures 7, 
14, and 22; plate 59, figures 4 and 5). 
When  a  parasite,  especially  an  adult,  is  attached  to  the  under 
surface of a  red corpuscle, the nucleus may be indistinct or obscured 
from view by the overlying, blue-stained protoplasm of the parasite, 
and may give the impression of a  parasite without a  nucleus.  And 
the nucleus of a  free parasite may be hidden from view,  if it is on 
the under surface  of the parasite. 
Occasionally an adult parasite is attached to a corpuscular mound 
in a  position so close to the periphery of the red corpuscle that the 
nucleus of the parasite projects beyond the periphery  (see plate 6o, 
figure  15,  where  the  nucleus  of  the  parasite  extends  beyond  the 
periphery  of  the  corpuscle  to  which  the  parasite  is  attached,  and 
overlies the red corpuscle adjoining the infected one).  It is not at 
all  uncommon  to  see  the  nucleus  of  the  young  parasite  of  the 
aestivo-autumnal infections projecting beyond the  periphery of the 
red corpuscle to which the parasite is attached  (plate 56, figures  13 
and 32; plate 57, figures I2 and  15; plate 58,  figures 6  and 7), and 
occasionally the  nucleus of  a  tertian  ring may be  seen beyond the 
periphery  of  the  red  corpuscle  (plate  59,  figure  7).  The  blue- 
stained protoplasm of a parasite may also be seen beyond the periph- 
ery  of  the  corpuscle  to  which  the  parasite  is  attached  (plate  56, 
figures 6  to  12, and  14 to  17, and 22; plate  58,  figure 25; plate  59, 
figure 3)- 
Ewing  (6)  has noted the fact that portions of a parasite may go beyond the 
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cases,  the  body  and  especially  the  nucleus  of  the  parasite  appear  to  project 
beyond  the  border  of  the  cell, even  more  distinctly  than  in  the  case  of  the 
mstivo-autumnal  ring." 
Often when a  parasite has attached itself to a  corpuscular mound, 
that  portion  of  the  nucleus  of  the  parasite  which  is  next  to  the 
mound may be seen to have conformed itself to the circular shape of 
the mound  (plate 57,  figures 34 and 35). 
Retraction of Hemoglobin.--This is a  condition caused,  I  believe, 
by the  parasite  which,  in  the  process  of  pulling  up the  corpuscular 
mound for the purpose of attaching itself to the red corpuscle, draws 
up a portion of the hemoglobin from the rest of the corpuscle in such 
a  manner  as to  leave decolorized  areas  at the  periphery  of  the  cor- 
puscle, the contour of the corpuscle remaining undisturbed  (plate 57, 
figures  II, a,  and  12, a). 
In  discussing  this  retraction  of  the  hemoglobin,  Thayer  and 
Hewetson  (7)  state: "In  some cases we may see corpuscles contain- 
ing  small,  refractive,  ring-like  bodies,  with  or  without  pigment, 
where  the hemoglobin  seems to have left the  outer part  decolorized 
though  still  showing  the  outline  of  the  original  corpuscle."  Craig 
(8)  has  also noted these colorless areas,  describing the condition  as 
"retraction of hemoglobin." 
The Formation of Rings by the Joining  of Pseudopodia.--This 
has been noted by several observers. 
Thayer and  Hewetson  (9)  have observed that  a  small  parasite may form a 
ring  through  the  meeting  and  fusing  of  pseudopodia,  and  noted  that  in  the 
middle of this ring there lies, apparently, a bit of corpuscular substance.  Thayer 
(IO)  states that  "some observers believe  that  such  a  portion  of  the  corpuscle 
included  within  two  pseudopodia  is  gradually  digested  by the  parasite." 
DaCosta  (II)  writes  that  rarely the  ring  may be  formed by the  fusion  of 
two  short  pseudopodia  between  which  a  small  portion  of  the  corpuscle  may 
become imprisoned,  and  Ewing  (12)  states that " secondary"  (accessory)  rings 
sometimes  form from the union  of pseudopodia,  and that  these are identical  in 
appearance  with  the  primary  ring,  but  lack  the  chromatin  granules."  Osler, 
Councilman,  and  Antolisei  (13)  believed  that  some  of  the  ring-forms  were 
small  parasites  with  portions  of  the  red  corpuscles  included  within  their  sub- 
stance.  Marchiafava  and  Bignami  (14)  do  not  deny  that  there  are  parasites 
which  have included  a portion of the red corpuscle,  but they believe  it to be an 
atypical process. 
In  view of these  facts  Mannaberg's  (15)  observations are  interesting:  "If 
such  a  ring  is  observed  with  an  open  Abbe  and  oblique  illumination  with  a 
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corpuscle  a  deep  and  sharp  depression,  and  in  the  center  the  substance  of  the 
blood  corpuscle projects  through  the  hoop just  as  a  finger  through  a  ring." 
THE  DECOLORIZED  CORPUSCULAR  MOUND,  OFTEN  CALLED  THE 
ACHROMATIC AREA OR  MILKY ZONE. 
The terms achromatic area,  or milky zone, have been applied to 
the  decolorized,  transparent,  and  pigment-free  corpuscular  area 
encircled by the filamentous pseudopodium of the parasite. 
The decolorization of the corpuscular mound is gradual, proceed- 
ing as the parasite digests the hemoglobin.  All stages between the 
deeply colored mound of unaltered hemoglobin and the completely 
decolorized one have been  observed and can be  followed with the 
microscope in  fresh blood as  well as  in stained specimens  (stages 
between A and o, plate 58,  figure 7). 
Complete decolorization, or dehemoglobinization, of corpuscular 
mounds  surrounded  by  parasites  may  be  seen  in  red  corpuscles 
showing  Schuffner's granulation  (plate  60,  figure  I),  and  in  red 
corpuscles with blue stippling  (plate 60,  figure 4),  suggesting that 
these granulations form a part of the corpuscular substance digested 
by the parasite. 
The decolorization of the corpuscular mound by the young ring- 
form parasite,  especially of the ~estivooautumnal infections, may be 
complete before the appearance of any demonstrable pigment in the 
protoplasm of the parasite. 
It  has  been  believed that  the  achromatic  area  was  an  essential 
part of the malarial parasite,  and it has been variously described as 
a vesicular nucleus, a digestive vacuole, and a thinning of the proto- 
plasm  of  the  parasite  which  allowed  the  red  corpuscle  to  show 
through.  When certain of these decolorized areas were seen at the 
periphery of the red corpuscle (plate 57, figures 24 and 25 ; plate 58, 
figures  I2  and  I3),  ~hey were pictured and  described  by Manna- 
berg and Marchiafava and Bignami, who interpreted them as extra- 
cellular  parasites  resting  in  niches  at  the  periphery  of  the  red 
corpuscle. 
That  the  colorless,  or  dehemoglobinized, corpuscular  area  sur- 
rounded by the parasite is more or less transparent seems proven by 
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partially overlies the periphery of another red corpuscle, this periph- 
ery  can  be  distinctly  seen  through  the  achromatic  area  (plate  58, 
figure  12).  (b)  When  the  achromatic  area  of  one  red  corpuscle 
partially overlies that  of another red corpuscle,  the nucleus and  the 
protoplasm of the parasite  surrounding  the  underneath  decolorized 
area  is  clearly seen  (plate  5 8,  figure  13).  (c)  When  the  smear  is 
made  on the cover-slip, precipitation of stain  may be seen more or 
less clearly through the decolorized corpuscular mound.  (d)  When 
the  parasite-infected  corpuscles  are  piled  up,  one  completely  over 
another,  it  is  impossible to find  any completely decolorized corpus- 
cular  mounds,  although  many  decolorized  areas  surrounded  by 
parasites may be seen where the smear is thinly spread. 
The  fact  that  the  area  which  is  surrounded  by  the  parasite  is 
sometimes seen to be achromatic  and  transparent,  when  other por- 
tions  of  the  infected  corpuscle  show  good  color,  proves  that  this 
area  is not parasitic.  For if this area belonged to a  parasite which 
was attached to a  deeply colored red corpuscle  (plate  58,  figures  12 
and  13), the area would have to be opaque in order to be achromatic, 
otherwise  the  color  of  the  corpuscle  would  show  through  it  more 
or less  clearly. 
The gradual decolorization of the corpuscular mound undoubtedly 
has given rise to many conceptions regarding the  finer structure  of 
the ring-form parasite. 
For example, many observers  believe the rings  to be ameboid bodies, which, 
becoming  very thin  at  the  center or being  palely  stained  or  unstained,  permit 
the corpuscle to show through,  thus giving the parasite the appearance  of being 
ring-shaped.  I  believe this  view is  held  by Marchiafava  and  Celli (I6),  CeUi 
and  Guarnieri  (I7),  Mannaberg  (18),  Thayer and  Hewetson  (I9),  Bastienelli 
and  Bignami  (2o), Ziemann  (2I),  and  Opie  (22),  and  it is  the view  formerly 
held by the author  (23). 
Argutinsky  (24)  interpreted the ring-form parasites  as  artefacts, and  Nocht 
(25)  believed them to be  optical  illusions  due to discoid bodies  with  thickened 
rims. 
Others held the view that the achromatic  area was  a bladder-like  nucleus  in 
which  lies  a  small, deeply staining  chromatin  mass.  Among  those  who  incline 
to this  view, are Sakharoff (26),  Caualis  (27), Celli and  Sanfelice  (28), Grassi 
and  Feletti  (29),  Romanovsky  (30),  Manson  (31),  Osier  (32),  Cabot  (33), 
and  Craig  (34)- 
Still  other  observers,  Marchiafava  and  Bignami  (35),  Schaudinn  (36), 
Maurer  (37),  Calkins  (38),  Loeffier  (39),  and  others,  believe  the  achromatic 
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In  depicting  the  changes  in  color  of  the  corpuscular  mound,  Marchiafava 
and  Bignami  (4o)  state:  "The ring  surrounds  a  space which takes  the  same 
stain as the red corpuscle, especially in its youngest stage, while in the center of 
more developed forms the red corpuscle is of paler appearance than it is outside 
of the  ring"  (digestion  of the  hemoglobin by the parasite).  "There  is, there- 
fore, in this form a very diaphanous portion of the parasitic body which prevents 
a  perfect  appreciation  of the color  of the corpuscle  ....  The blue  ring  is  the 
protoplasm  of the parasite  which includes a nutritive vacuole." 
After a parasite has completely decolorized, or dehemoglobinized, 
a  red corpuscle, it usually assumes a  compact form,--the ring shape 
is lost and either a  very small attaching area is seen or the pseudo- 
podia are entirely withdrawn by the parasite.  I  believe this to be a 
stage preparatory  to migration.  Bass  and Johns 3 possibly refer to 
a  similar  appearance:  "When  parasites  die  .  .  .  the  central  clear 
space in the small ring closes, or if the parasite  is older,  the irregu- 
lar  projections,  pseudopodia,  are  withdrawn." 
The  Parasitic  Achromatic  Area.--This  area  closely  surrounds 
the chromatin substance in the young ring-form parasite  (plates  56 
to 58), and in  some instances shows quite distinctly in contrast with 
the deeply colored corpuscular substance  (plate 57, figure 4; plate 59, 
figure 3)-  The parasitic achromatic area increases  in size with the 
growth of the parasite  (plate 6o,  figures  5  to  I2,  and  I4 and  I5). 
This  area  is  not always achromatic  (plate  6o,  figure  II),  but  may 
stain either a  delicate blue  (plate 6o, figure 15), or a  pink  (plate 6o, 
figures 9  and Io). 
When this area surrounding the chromatin substance of the para- 
site is unstained, and overlies the area of corpuscular substance which 
has  been  decolorized by  the  action  of  the  parasite  surrounding  it, 
it may be impossible to differentiate the one colorless area  from the 
other;  the  chromatin  mass  may thus  appear  to  be  separated  from 
the blue-stained protoplasm of the parasite and to lie within and be- 
long to the colorless corpuscular area,  thus giving rise, probably, to 
the  erroneous  belief  that  the  colorless  corpuscular  area  is  a  part 
of  the parasite  itself  (plate  59,  figures  2 5  and  26).  But  even  in 
these  instances  a  careful  scrutiny  of  the  parasite  will  often  show 
a  slight  differentiation between  the  colorless  corpuscular  area  and 
3  Bass, C. C., and Johns,  F. M., ]our. Exper. Med., 1912, xvi, 567. 332  Relation of Malarial Parasite to Red Corpuscles. 
the  achromatic  area  belonging  to  the  parasite  (plate  58  ,  figures 
8,  I2, and  I3). 
The  latter  area  may  stand  out  clear  and  sharp  against  the  un- 
stained  background  of  the  blood  smear  when  the  chromatin mass 
of  the  parasite  extends  beyond the  periphery  of  the  red  corpuscle 
to which  the parasite  is attached  (plate  56,  figures  I2,  I3,  and  34; 
plate 58, figure 7, A), or when the parasite  is  free  (plate 60, figures 
i2 and I7)  in the blood serum. 
That this achromatic  area which closely surrounds  the chromatin 
mass of the parasite,  and which is probably a part of the nucleus, is 
sometimes opaque or not  entirely  transparent  is  shown by the  fact 
that  this  area can be seen  when the  infected corpuscles overlie  one 
another. 
Infection of a Corpuscular Mound by  Two or More Parasites.u 
Infection of a  corpuscular mound by more than  one parasite  (plate 
58, figures  I I,  and  14 to 34; plate 59,  figures  7,  8,  20,  25,  and  26) 
may be seen in all the malarial  infections.  The  best examples  are 
observed in the ~estivo-autumnal  infections.  As might be expected, 
instances of multiple infection are most frequently met with in cases 
where the parasites are numerous. 
The  majority  of young parasites  occupying the  one  corpuscular 
mound are in similar stages of development  (plate  58,  figures  15  to 
2i, 23, 25, 27, and 3 °  to 33 ; plate 59, figures  7, 8, 20, 25, and 26). 
This similarity  in size is easily explained,  as the parasites  are prob- 
ably  of  one  brood,  and  it  may  be  the  result  of  one  segmenting 
parasite.  Parasites  of varying sizes occupying the one corpuscular 
mound  (plate 58, figures  I I  and 22) may be explained by supposing 
that  a young parasite attaches itself to a corpuscular mound already 
occupied by a parasite of an older brood. 
The  parasites  seem to  follow no rule  as to their  position in  rela- 
tion  to  each  other  in  the  occupancy of the  one  corpuscular mound 
(plate  58).  And  I  have  found  no  evidence of conjugation.  The 
bodies or nuclei  do not  coalesce,  as  with  careful  examination  with 
an  apochromatic  lens  of  high  power  the  parasites  can  be  differ- 
entiated,  one  from  the  other,  even in  some of the  cases where  the 
parasites  are  actually  superimposed  (plate  58 ,  figures  21,  29,  3 ° , 
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In cases of multiple infection of a  corpuscular mound, the para- 
sites seem to proceed with the destruction of the mound in the same 
way  that  the  single  parasites  do.  Occasionally  one  of  the  young 
parasites may show a  grain of pigment in its protoplasm  (plate  58, 
figure 25 ). 
Multiple infection of a corpuscular mound should not be confused 
with the appearance produced 'by a  single parasite whose protoplasm 
is intact,  but whose nucleus is broken up by  the  technique used  in 
spreading  the  smears.  Such  parasites  with  nuclei  forcibly  sepa- 
rated  into parts,  which may be  of varying sizes,  are  usually  found 
along the edges of smears made on slides,  and  the interpretation is 
made easy by the  fact that parasites  with nuclei similarly  distorted 
may be  found  in groups.  A  young parasite  never  has  more  than 
one nucleus. 
The Supposed Conjugation of Parasites.--The close approxima- 
tion  of two parasites  occupying the  same  corpuscular  mound  has 
undoubtedly  led  to  many conceptions  or  theories  as  to  the  conju- 
gation  of  malarial  parasites;  but  the  fact  that  the  corpuscular 
mounds  occupied  by  more  than  one  parasite  may  be  seen  at  the 
periphery  of  the  infected  red  corpuscle  (plate  58,  figures  II,  14, 
and  26  to 29)  makes my interpretation  less  difficult than  it  might 
otherwise be. 
lV[annaberg  (4I),  in  I894,  described  what  he  believed to be a  process  of  con- 
jugation;  in  the  first  he  shows  the  young  ring-form  parasites  coalesce  with 
each  other  to  form  larger  bodies,  these  latter  later  developing  into  crescents. 
He  pictured,  as  an  early  stage  in  the  process,  two  young  ring-form  parasites 
side by side,  usually  at the periphery  of the  red corpuscle.  "The  outer  contour 
of  both  parasites  frequently  coalesces  without  interruption,  and  falls  together 
with  the  edge  of  the  blood  corpuscle;  the  inner  contour  is  often  of  a  concave 
shape."  This  description,  as  well  as  Mannaberg's  illustration  of  the  same, 
corresponds  with  that  of  two  young  ring-form  parasites  attached  to  adjoining 
corpuscular  mounds  on the one red corpuscle at its periphery  (plate 58,  figure 8). 
Two  young  ring-forms,  attached  to  the  same  corpuscular  mound,  with  the 
bodies  of  the  parasites  at  opposite  poles,  may  resemble  a  small  crescent  (plate 
58,  figure 33). 
Ewing,  in  19Ol  ,  described  a  process  of  conjugation  between  the  parasites  of 
tertian  infections.  He was  led  to believe that  the  parasites  conjugated,  because 
in  certain  smears  of  malarial  blood  studied  by  him  nearly  all  the  younger 
parasites  were twinned,  while all the  older  forms  were  single.  These  facts  are 
explained by the migration of the younger malarial parasites  to other corpuscles( 
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of varying morphology, depicting first  a  union of the protoplasm  of the young 
parasites,  the  fusion of the  nuclei  taking  place  at  a  later  stage  in  the  develop- 
ment of the conjugating pair.  In illustration  of the first  stage he  pictures  two 
young  parasites,  side  by  side,  each  attached  to  its  own  corpuscular  mound, 
with  their  peripheries  touching  or  overlying.  A  later  stage  illustrates  adult 
parasites  with  two or three  groups  of chromatin  granules  " surrounded  by one 
achromatic  zone." 
This  last  stage  represents,  I  believe,  the  fastening  of  two  or 
tl~ree  adult  parasites,  by  the  pseudopodia  arising  near  their  nuclei, 
to the  one corpuscular mound,  which has become decolorized by the' 
action  of  the  parasites  (plate  59,  figures  25  and  26).  The  groups 
of chromatin  granules  are  separated  from each  other  and  from  the 
parasitic  body by the  achromatic  areas belonging to the  parasites. 
The  appearance  of  fusion  between  the  protoplasm  of  two  adult 
parasites  is seen where  two accessory pseudopodia  encircle  the  same 
corpuscular mound,  one being superimposed  over the other. 
In  I9o5  Craig  (43)  described  a  process  of  "intracorpuscular  conjugation" 
of  young  ring-form  malarial  parasites.  He  figures  three  stages  in  the  con- 
jugation  process:  in  the  first,  he  shows  the young ring-form parasites,  side  by 
side,  their  protoplasm  touching or overlapping at  the  periphery;  in  the  second 
stage,  besides  the parasites  described  in the first stage, he pictures  what appears 
to  be  two young parasites  occupying the  same  corpuscular  mound;  and  in  the 
third stage he shows  (a)  parasites attached to the corpuscle on separate mounds 
but  in  close proximity,  (b)  what  appear  to  be  parasites  with  distorted  nuclei. 
(c)  multiple  infection  of  corpuscular  mounds,  and  (d)  large  ring-form  para- 
sites  with single nuclei.  He interprets  the last as resulting  from conjugation. 
Craig's  description  of  the  morphology of  these  parasites  corresponds  with 
that  of the two parasites  occupying one corpuscular mound,  with  the exception, 
perhaps,  that he has  never observed the presence  of pigment  in the protoplasm 
of  these  parasites.  In  discussing  his  disagreement  with  Ewing's  theory,  he 
states that he does not see  any difference in the morphology of the conjugating 
parasites,  for  "while,  in  rare  instances,  one  of  the  organisms  may  appear 
slightly  larger  than  the  other,  may  have  a  larger  mass  of  chromatin,  and 
stain  more  intensely,  in  the  vast  majority  of  instances  the  two  conjugating 
parasites  are  of  exactly  the  same  size,  and  cannot  be  distinguished  one  from 
the other in  any way." 
I  have  not  been  able  to  find  any  evidence  of  conjugation  of 
malarial  parasites  in  any  stage  of  development,  and  it  may  be  th~/t 
Craig's  "conjugating  parasites"  are  the result  of a  wrong interpre- 
tation  of the  infection  of a  corpuscular  mound  by two young para- 
sites.  The  idea  that  the  parasites  were  intracellular  perhaps  led 
to the misconception. Mary  Rowley-Lawson.  335 
FREE PARASITES WITH ATTACHING  PSEUDOPODIA IN  THE FORM 
OF  LOOPS. 
The majority of  free parasites  seen in malarial  infections have a 
compact  structure.  R,arely  free  parasites  are  seen  with  pseudo- 
podia  extended  for attachment  (plate  56,  figures  2  to  5;  plate  59, 
figures  I  and 6), and occasionally free parasites are seen with their 
pseudopodia in the  form of loops, with or without the nuclei at the 
extremity  of  the  loops  (plate  60,  figures  16  to  22).  These  free 
parasites  with  the  loop-form  pseudopodia  are  in  migration,  and 
have  been  set  free  while  their  pseudopodia  are  still  in  the  form 
assumed  by  the  parasites  for  attachment  to  corpuscular  mounds 
(plate  60,  figure  23). 
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EXPLANATION  OF  PLATES. 
THE EXTRACELLULAR  RELATION OF THE  MALARIAL PARASITE TO THE RED CORPUSCLE. 
THE  METHOD BY  WHICH THE  PARASITE SECURES ITS  ATTACHMENT TO 
THE  SURFACE OF  THE  RED  CORPUSCLE. 
PLATE 56. 
/ESTIVO-AUTUM  NAL  PARASITES. 
Magnification,  X  1,9o0. 
FIG.  I.  The  youngest  form  of  the  ~estivo-autumnal  parasite,  resulting  from 
a  recent segmentation.  This figure is used as a  standard  of comparison as to the 
relative  sizes  of  the  parasites  illustrated. 
FIGS. 2  to  4.  Young  parasites  free  in  the  blood  serum,  showing  filamentous 
pseudopodia  arising  from the cytoplasm of the parasites.  Fig.  2  shows  well the 
origin  of  the  pseudopodia  near  the nucleus  of  the  parasite. Mary Rowley-Lawson.  337 
FIG.  5.  A  young  parasite,  free  in  the  blood  serum,  showing  the  attaching 
pseudopodium  in  the  form  of  a  loop. 
Fins.  6  to  ix.  Early  stages  in  the  attachment  of  the  parasite  to  the  red 
corpuscle  by  means  of  the  pseudopodium  arranged  in  a  loop,  overlying  the 
corpuscular  substance.  The  parasitic  body  is  on  the  periphery  of  the  red 
corpuscle. 
FIG.  12.  A  young  parasite  on  the periphery  of  the  red corpuscle,  starting  to 
pull  up  the  corpuscular  mound. 
FIGS.  I3  to  35.  Parasites  in  various  positions  attached  to  the  surface  of  the 
red  corpuscle  by  means  of  their  delicate,  thread-like  pseudopodia  encircling 
mounds  of  corpuscular  substance  at  the  periphery  of  the  red  corpuscle.  The 
mound  of  corpuscular  substance  has  been  pulled  up  by  the  parasite  apparently 
for the purpose of attachment and digestion.  Note that the surrounding filament 
can be seen in its entirety in many of  the figures  (i. e.,  Figs.  18,  i9,  20,  and 29). 
In  many  of  the  parasites  an  achromatic  area  can  be  seen  closely  surrounding 
the  chromatin  granule  of  the  parasite.  Figs.  26,  33,  and  35  show  minute 
granules  of  pigment  in  the  cytoplasm  of  the  parasites.  Fig.  22  shows  the 
parasite  overlying  the  corpuscular  mound.  The  encircling  filament  can  be 
seen at o. 
PLATE  57. 
¢E STIVO-AUTU  IV[ NAL  PARASITES. 
Magnification,  X  1,9oo. 
FIGS.  I  to  IO.  Parasites  attached  to  the  external  surface  of  the  red  cor- 
puscle by means  of  their pseudopodia  which  encircle  the corpuscular  mounds  at 
the  periphery  of  the  red  corpuscles,  the  mounds  having  been  pulled  up  by  the 
parasites  for  the  purpose  of  attachment.  The  pseudopodium  of  the  upper 
parasite  in  Fig.  2  can  be  seen  encircling  the  peripheral  mound.  In  Fig.  7  the 
parasite can be seen on both surfaces of  the corpuscle.  The  part of  the parasite 
on  the  under  surface  can  be  seen  at  o. 
FIGS.  II  and  I2.  These  figures  show,  I  believe,  what  has  been  described  as 
" retraction  of  hemoglobin";  i.  e.,  clear  unstained  areas  at  the  periphery  of  the 
corpuscles.  This  cond,ition  is  due  to  the  fact  that  the  parasite,  in  attaching 
itself  to  the  corpuscle,  has  pulled  up  the  hemoglobin  in  such  a  manner  as  to 
leave  decolorized  areas  at  the  periphery  of  the  cell.  The  condition  is  not  the 
result  of  destruction  of  the  hemoglobin  substance.  At  o  in  Fig.  I2,  two  para- 
sites  can  be seen  surrounding  the  mound  of  hemoglobin  which  has  been  pulled 
up  from  the  clear  areas  at A. 
FIG.  I3.  A  parasite attached to a  peripheral corpuscular  mound. 
FIG.  I4.  A  portion of  the body of the attached parasite on the under surface 
of the corpuscle at oo. 
Fro.  I5.  The  protoplasm  of  the  attached  parasite  conforming  to  the  shape 
of  the  corpuscular  mound  is  seen. 
FIa.  I6.  A  parasite  attached  to  a  hemoglobin  mound  near  the  periphery  of 
the  corpuscle.  The  pseudopodium  of  the  parasite  can  be  seen  encircling  the 
mound  at  its  base. 
FIGS.  I7  to  23.  Parasites  attached  to  peripheral  corpuscular  mounds  which 
are  in  various  stages  of  dehemoglobinization  (pallor)  due  to  the  gradual 
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FIG.  21.  Crenation  of  the  corpuscular  mound.  Fig.  22  shows  the  parasitic 
body on both  surfaces of the corpuscle. 
FIGS.  24  and  25.  Parasites  attached  to  peripheral  decolorized  corpuscula." 
mounds  which  have  been  completely  dehemoglobinized  by  the  action  of  the 
parasites.  The decolorization does not extend  below the encircling pseudopodia. 
FIGS. 26  to 32.  Parasites  attached  to the upper  surface  of the red corpuscles 
by means  of pseudopodia  surrounding  corpuscular  mounds.  Figs. 26,  and  29  to 
32  show the mounds  pressed  down  over the surface of the red corpuscles.  Fig. 
32  shows the pseudopodium  of the parasite  encircling the mound. 
FIG.  33.  Here the parasite appears  to have pulled up the entire lower periph- 
ery of the red corpuscle into the mound  to  which  it is attached. 
FIGS. 34 and  35.  Parasites  attached  to  corpuscular  mounds,  one  on  the  sur- 
face,  the other  at the periphery  of the red corpuscle.  The nuclei  of these para- 
sites  conform to  the contour  of  the  mounds. 
PLATE 58. 
71~STIVO-AUTUM  NAL PARASITES. 
Magnification,  X  1,9oo. 
FIGS.  I  to  6.  Parasites  attached  to  corpuscular  mounds.  Fig.  3  shows  the 
mounds  at  the  periphery  of  the  corpuscle;  the  other  figures  show  the  mounds 
on  the  surface  of  the  corpuscles.  When  the  parasites  are  attached  to  the  red 
corpuscles  in  the  latter  position,  with  their  pseudopodia  surrounding  the  cor- 
puscular  mounds,  the characteristic  ring-form  picture  is  seen. 
FIG.  7-  Two parasites  attached  to corpuscular  mounds  on the  surface  of the 
red  corpuscle.  The  parasite  at  A  has  recently  attached  itself  and  the  hemo- 
globin  of  the  mound  is  still  unaltered.  At  o  the  parasite  is  seen  encircling  a 
completely  decolorized  mound,  with  an  accessory  filament  attached  to  another 
mound at x. 
FIG  8.  Two  parasites  surrounding  with  their  pseudopodia  completely  de- 
colorized  corpuscular  areas.  This  figure  corresponds  to  a  stage  in  the  forma- 
tion of crescents  from the fusion of two young ring-form parasites,  as described 
and  pictured  by  Mannaberg. 
FIG.  9-  A  parasite  attached  to  a  corpuscular  mound  on  the  upper,  external 
surface of the red corpuscle.  A  partial decolorization of the corpuscular  mound 
can  be seen. 
FIG.  IO.  Complete decolorization,  or dehemoglobinization, of the corpuscular 
area,  which  is  encircled  by  the pseudopodium  of  the  parasite. 
FIG.  II.  A  peripheral  corpuscular  mound,  encircled  by  two  young  parasites 
of varying sizes. 
FIGs.  12  and  13.  Parasites  surrounding  decolorized,  or  dehemoglobinized, 
corpuscular  mounds.  Here  the  nuclei  conform  to  the  contour  of  the  mounds. 
These  figures  illustrate  how  much  damage  can  be  done  to  a  corpuscle  by  a 
very  young  parasite,  without  any  evidence  of  the  presence  of  pigment  in  the 
protoplasm.  That  these  corpuscular  mounds  are  transparent,  is  shown  by  the 
fact that  in  Fig.  I2 the periphery  of  the adjoining uninfected  red  corpuscle can 
be  seen  through  the  achromatic  area,  which  overlies  it;  and  in  Fig.  13,  the 
parasite  underneath  can  be  seen  through  the  achromatic  area  of  the  overlying 
corpuscle. Mary Rowley-Lawson.  339 
These  figures  correspond  with  Mannaberg's  and  Marchiafava  and  Bignami's 
description  and  drawings  of  parasites  resting  in  niches  at  the  periphery  of  the 
red corpuscles. 
FIG.  I4.  Two parasites  attached  to one  peripheral  corpuscular  mound.  A  is 
on the under  surface  of the corpuscle,  o  on the  upper  surface.  Note the differ- 
ence in  clearness  and  sharpness  of  outline  between  the  two  parasites. 
Fro.  I5.  Two  parasites,  in  similar  stages  of  development,  encircling  a  cor- 
puscular  mound  at  the  periphery  of  the  red  corpuscle.  The  pseudopodium  of 
the parasite  on the left can  be seen  encircling the  mound  at  o. 
FiGs. I6 to I8.  The gradual  destruction,  or decolorization, of the corpuscular 
mound  encircled  by  parasites  at  opposite  poles is  seen. 
Fro.  i9.  Two  parasites  occupying the  one  decolorized corpuscular  mound. 
FIG.  2o.  Two  parasites,  with  bodies  at  opposite  poles,  occupying  the  one 
corpuscular  mound. 
FIG.  2I.  Two  parasites,  with  bodies  superimposed,  occupying  the  one  cor- 
puscular  mound. 
FIG.  22.  Parasites  of varying sizes occupying the same corpuscular  mound. 
Fro.  23.  Two  parasites,  in  similar  stages  of  development,  occupying  one 
corpuscular  mound.  At o  the body  of  the  lower parasite  can  be  seen  overlying 
that  of  the  upper  parasite. 
FIG.  24.  Three  parasites,  in  similar  stages  of  development,  occupying  one 
corpuscular  mound.  A  careful  examination  of  the  picture  will  enable  one  to 
trace  the outline of  each  parasite. 
FI&  25.  Two  parasites  on  a  corpuscular  mound  near  the  periphery  of  the 
corpuscle.  The body  of  the  parasite  at  o  extends  beyond  the  periphery  of  the 
corpuscle  and  shows  a  granule  of  pigment  in  the  protoplasm. 
FIG.  26.  Two  parasites  attached  to  the  same  peripheral  corpuscular  mound. 
One  of  the  parasites  is  attached  to  the  upper,  the  other  to  the  under  surface 
of  the corpuscle. 
FIGS. 27 and 28.  Two parasites attached  to one peripheral  corpuscular mound. 
FIG.  20.  Three  parasites  attached  to  one  peripheral  corpuscular  mound.  At 
o  one of the parasites  is  superimposed  over the  other. 
Fins.  3o  and  31.  Two  parasites,  one  superimposed  over  the  other,  attached 
to  the  one  corpuscular  mound. 
FIG.  32.  Two  parasites  attached  to  the  one  decolorized  corpuscular  mound. 
FIG.  33.  Two  parasites  attached  to  the  one  corpuscular  mound  in  such  a 
manner  that  they  resemble  in  shape  a  small  crescent. 
FIG.  34.  Three young parasites  attached to the one corpuscular  mound. 
PLATE 59. 
TERTIA i'~  PARASITES. 
Magnification,  X  1,9oo. 
FIG.  I.  Two  young  parasites,  the  result  of  a  recent  segmentation.  The 
delicate attaching  pseudopodium  can  be seen  formed  from  the cytoplasm  of the 
parasite  and  arising  near  the  nucleus. 
FIG.  2.  A  young parasite  attached  to  a  peripheral  corpuscular  mound. 
FIG.  3.  A  young  parasite  attached  to  a  hemoglobin  mound  on  the  upper 
surface  of  the  corpuscle;  the  protoplasm  of  the  parasite  extends  beyond  the 
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FIG.  4.  A  young  parasite  attached  to  a  peripheral  corpuscular  mound. 
FIG.  5.  A  young  parasite  attached  to  a  decolorized  peripheral  corpuscular 
mound.  There  is no  evidence of pigment in the protoplasm  of the parasite. 
Fro.  6.  A  free parasite,  showing the pseudopodium  but little extended. 
FIG.  7.  Two  young  parasites  attached  to  one  hemoglobin  mound  at  the 
periphery  of  the  red  corpuscle.  The  nucleus  of  the  upper  parasite  extend~ 
beyond  the  periphery  of  the  corpuscle. 
FIG.  8.  Two'parasites  attached  to  a  decolofized corpuscular  mound. 
FIG.  9.  A  ring-form  parasite  attached  to  the  upper  surface  of  the  red 
corpuscle,  the  entire  protoplasm  of  the  parasite  entering  into  the  formation  of 
the  pseudopodium.  The  small  achromatic  area,  which  is  parasitic,  can  be  seen 
surrounding  the  chromatin  substance. 
FIG.  IO.  A  parasite  encircling  a  completely  decolorized  corpuscular  area. 
A  granule of pigment  is  seen in  the protoplasm  of  the parasi,te. 
FIG.  II.  An  adult,  pigmented  parasite  attached  to  a  peripheral  corpuscular 
mound  at  the  periphery  of  the  red  corpuscle  at  o.  The  pseudopodium  of  the 
parasite  can be distinctly  seen  encircling the  mound  at  its  base. 
FIG.  12.  An  adult,  pigmented  parasite  attached  to  a  peripheral  corpuscular 
mound.  Beginning  decolorization  of  the  corpuscles  is  seen  at o. 
FIGS.  13  to  17.  Adult,  pigmented  parasites  attached  to  corpuscular  mounds 
at  o.  Fig.  15  shows  a  parasite  with  an  accessory  filament  surrounding  a  sec- 
ondary corpuscular  mound at x. 
FIG.  18.  A  parasite  attached  to  a  granular  corpuscular  skeleton,  by  means 
of its pseudopodium  encircling a  mound  at o.  The periphery  of  the corpuscular 
skeleton  can  be  seen  through  the  mound. 
F~G. 19.  Two  young  pigmented  parasites  attached  to  corpuscular  mounds  at 
o.  The  corpuscle  shows  Schuffner's  g~anulation. 
FIG.  20.  Two  adult,  pigmented  parasites  attached  to  separate  mounds,  side 
by side,  at o0. 
FIGS. 2I  to 24.  Parasites  attached  to  corpuscular  mounds  at o. 
FIGS. 22, 23,  and  24  show the mounds  in various stages of  destruction. 
FIGS.  25  and  26.  Two  adult  parasites  attached  to  one  corpuscular  mound. 
These  figures  correspond  to  certain  stages  depicted  by  Ewing  in  his  conjuga- 
tion  theory. 
PLATE 60. 
TERTIAN  PARASITES. 
Magnification,  X  1,9oo. 
FIG.  I.  A  young  parasite  encircling  with  its  pseudopodium  a  completely 
decolorized  corpuscular  mound.  The  infected  corpuscle  shows  Schuffner's 
granulation.  This  is  evidence that  Schuffner's  granulation  forms  a  part  of  the 
substance  which  is  digested by the parasite. 
FIG.  2.  A  parasite  encircling  an  almost  completely  decolorized  corpuscular 
mound,  the corpuscle showing  SchutTner's granulation. 
FIG.  3.  A  young  parasite  encircling  with  its  pseudopodium  an  almost  com- 
pletely  decolorized  corpuscular  mound,  This  corpuscle  shows  blue  granular 
stippling. 
FIG.  4.  A  young  parasite  encircling  a  completely  decolorized  corpuscular 
mound.  This  corpuscle  also  shows  blue  granular  stippling.  The  evidence here Mary Rowley-Lawson.  ;341 
suggests  that  the  blue  stippling  also  forms  a  part  of  the  substance  digested  by 
the  parasite. 
Fits.  5,  6,  and  7.  Parasites  surrounding  corpuscular  mounds  on  the  upper 
surface  of  the  red  corpuscles.  The  area  which  belongs  to  the  parasite  and 
surrounds  the nucleus is unstained  and  shows  well against  the hemoglobin of the 
corpuscles. 
FIG.  8.  An adult,  pigmented  parasite,  whose pseudopodia  can  be  seen arising 
from  the  cytoplasm  of  the  parasite  near  its  nucleus.  They  seem  to  end,  one 
on  either  side  of  the  decolorized  corpuscular  mound  at  the  periphery  of  the 
corpuscle at  o. 
FIGS.  9  and  Io.  The  parasitic  area  surrounding  the  chromatin  substance  is 
stained  pink,  and  contains  no  pigment  granules. 
Fro.  IL  The parasitic  area surrounding  the chromatin  granules  is unstained. 
When  this  area  is unstained  and  overlies a  mound  of corpuscular  substance  that 
has  been  completely  decolorized  by  the  action  of  the  parasite,  it  may  be  im- 
possible  to  differentiate  one  achromatic  area  from  the  other,  thus  giving  the 
chromatin  granules  the  false  appearance  of  being  entirely  separated  from  the 
blue  stained  protoplasm  of  the  parasite,  and  of  belonging  to  the  decolorized 
corpuscular  area. 
FIG.  I2.  A  free,  pigmented  parasite,  showing  the  achromatic  area  surround- 
ing the  chromatin  granules. 
FiGs.  I3 and  I4.  Two adult,  pigmented  parasites,  on the periphery  of the red 
corpuscles,  the  corpuscles  showing  evidence of  degenerative changes  due  to  the 
action of the parasites. 
Fro.  I5.  An  adult,  pigmented  parasite,  attached  to  the upper  surface  of  the 
red  corpuscle.  The nucleus  of the parasite  extends  beyond  the periphery  of the 
infected corpuscle and overlies the adjoining red corpuscle at o. 
Fins.  I6  to  22.  Free parasites  with  their  pseudopodia  in  the  form  of  loops, 
with  the  nuclei,  with  the  exception  of  Fig.  I6,  at  the  extremity  of  the  loop. 
These  parasites  have  destroyed  the  corpuscles  to  which  they  were  attached  and 
are in migration,  with  the  pseudopodia  still in  the  form of  the loops  which  had 
encircled  the  corpuscular  mounds. 
FIG.  23.  A  parasite  attached  to  a  corpuscular  mound  by  a  loop  similar  to 
those seen in connection with Figs.  I7 to  22. 
PLATE 6I. 
Fro.  I.  A  free  ~estivo-autumnal  parasitc  with  loop attachment  at  o;  also  an 
mstivo-autumnal  parasite  with  body  and  nucleus  on  the  periphery  of  the  red 
corpuscle.  The  pseudopodium  is  in  the  form  of  a  loop,  encircling a  mound  of 
unaltered  hemoglobin  which  the  parasite  has  pulled  up  for  the  purpose  of 
attaching  itself  to  it. 
FIGS.  2  to  4-  The  gradual  decolorizafion,  or  dehemoglobinization,  of  that 
portion  of  the  corpuscle  which  lies  within  the  boundary  of  the  encircling 
pseudopodium of the parasite.  This condition results  from the gradual  digestion 
of the hemoglobin  substance  by the  parasite. 
FIGS.  5  to 8.  JEstivo-autumnal  parasites  attached  in  various  positions  to  the 
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mounds  at the periphery  of the red corpuscles.  These mounds  have been  pulled 
up  by the parasites  for the purpose  of  attachment  and  digestion. 
FIG.  9.  An ~estivo-autumnal  parasite  attached  to  a  hemoglobin  mound  at the 
periphery  of  the  red  corpuscle.  This  parasite  can  be  seen  on  both  surfaces  of 
the  red  corpuscle;  the part  on  the under  surface  can  be  seen  at  o. 
FIG.  io.  An ~estivo-autumnal parasite  attached to a  corpuscular  mound which 
has  been  completely  decolorized,  or  dehemoglobinized,  by  the  action  of  the 
parasite. 
FIG.  I I.  Two  ~estivo-autumnal  parasites  attached  to  the  same  hemoglobin 
mound  at  the  periphery  of  the  red  corpuscle,  their  pseudopodia  encircling  the 
mound  at  its  base.  The  parasite  on  the  right  is  on  the  upper  surface  of  the 
corpuscle;  the  parasite  on  the  left  is  on  the  under  surface  and,  being  seen 
through  the  substance  of  the  corpuscle,  shows  less  distinctly  than  the  one  on 
the  right. 
FIG.  12.  An  ~estivo-autumnal  parasite  attached  to  the  upper  surface  of  the 
red  corpuscle  by  means  of  its  pseudopodium  encircling  a  hemoglobin  mound, 
which has been pulled up by the parasite.  The mound  can be  seen to be pressed 
down  on the  surface  of  the  corpuscle. 
FIGS.  13  and  14.  Two  mstivo-autumnal  parasites  attached  to  the  upper  sur- 
face  of  the  red  corpuscle  by  means  of  pseudopodia  encircling  one  hemoglobin 
mound.  These  two  figures  correspond  to  the  parasites  described  by  Craig  as 
" conjugating  young  parasites." 
Fic.  15.  Two  young  ~estivo-autumnal  parasites  attached,  side  by  side,  to 
separate  decolorized  corpuscular  mounds.  These  parasites  correspond  to  the 
parasites  described  by  Mannaberg  as  "paired  parasites,"  which  he  believed 
coalesced to  form  a  crescent. 
FIG.  16.  Two  young  mstivo-autumnal  parasites  attached  to  one  deeolorized 
corpuscular  mound,  resembling,  in this  relation to  each other,  a  small crescent. 
FIG.  17.  Two  young  tertian  parasites,  one  slightly  thicker  than  the  other, 
attached  side  by  side  to  separate  hemoglobin  mounds,  the  periphery  of  one 
ring  overlying that  of  the  other  ring.  These  parasites  correspond  to  the  para- 
sites  described  by  Ewing  as  " conjugating  rings  of unequal  size." 
FIG.  18.  Two  adult,  pigmented,  tertian  parasites,  attached  to one  decolorized 
corpuscular  mound.  A  slight separation  can be seen between the two  groups  of 
chromatin  granules.  The  accessory  pseudopodia  of  these  parasites  are  super- 
imposed  while  surrounding  a  secondary  hemoglobin  mound  at  o.  These  para- 
sites correspond  to the parasites  described by Ewing as the result of " a  complete 
union of bodies and nuclei." 
FIG.  19.  An  adult,  tertian  parasite  surrounding  with  its  pseudopodium  a 
decolorized corpuscular  mound.  The  chromatin  mass  is at  the  extremity of the 
loop. 
FIG.  20.  A  free  tertian  parasite,  showing  the  pseudopodium  in  the  form  of 
a  loop with  the chromatin  mass  at  the  extremity of  the loop. 
FIG.  21.  A  tertian  parasite  showing  the  pink  stained  area  surrounding  the 
chromatin  granules.  The  red  corpuscle  shows  Schuffner's  granulation. 
FIG.  22.  A  tertian  parasite,  showing  the  blue  stained  area  surrounding  the 
chromatin granules.  The  corpuscular  mounds  to  which  the parasite  is  attached 
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F~.  23.  A  tertian parasite v~ith an unstained  area surrounding  the chromatin 
granules.  The  red  corpuscle  shows  Schuffner's  granulation. 
Fie.  24.  A  tertian  parasite  with  an  unstained  area  which  is  a  part  of  the 
parasite,  and  which  surrounds  the  chromatin  granules,  and  overlies a  mound  of 
corpuscular  substance  that  has  been  completely decolorized by  the action  of the 
parasite.  It  may  be  impossible  to  differentiate  one  achromatic  area  from  the 
other.  This  appearance  might lead an  observer to  believe the entire decolorjzed 
area to  be  parasitic. 